It is becoming increasingly important to correlate abnormalities of metabolism of trace elements such as aluminum (AI), silicon (Si), vanadium (V), zinc (Zn), manganese (Mn), nickel (Ni) with the various complications occurring in chronic hemodialysis patients. In this editorial we summarize the known relationships between abnormalities of metabolism of trace elements and many complications of hemodialysis.
Aluminum (AI)
Serum aluminum concentrations are often high in hemodialysis patients (1) (2) (3) (4) . One major source of aluminum in chronic hemodialysis patients is the aluminum hydroxide taken orally to prevent high serum phosphate. Most of this is excreted in the feces as aluminum salts, but some free serum aluminum is excreted in urine (5).
Cam et al. (6) reported no significant aluminum absorption in normal subjects given 100 ml of aluminum gel per day for 28 days. However, for hemodialysis patients some reports (7, 8) indicate that serum aluminum levels depend on the ingested amount, and that they increase significantly after oral intake. Another source of aluminum loading in dialysis patients is transfer from the dialysate if this is present in the city water used in its preparation. In hemodialyzed patients, grossly elevated levels of aluminum have been found in blood, bone, brain, liver, and muscle (1, 8, 9) .
Aluminum intoxication causes bone disease (10), dialysis dementia (1, 2) and microcytic hypochromic anemia (11) . Recently, desferoxamine (DFO) has been clinically used to remove aluminum. However, DFO has caused various side effects in chronic hemodialysis patients (12) . Therefore, it is important to prevent aluminum intoxication by using a very low-aluminum dialysate. The use of aluminum-containing antacids during long-term hemodialysis should be minimized.
Silicon (Si)
Silicon is an essential trace element for human growth (13) . It is known to be localized within mitochondoria (14) . Next to oxygen, silicon is the most abundant element in the earth's crust, and at least trace amounts appear in most animal tissues (15) . Inhalation of free silica (Si0 2 ) has long been recognized as a cause of lung fibrosis. Hauglustaine et al. (16) reported silicon nephropathy, and massive accumulation of silicon causes neuropathy (17) , bone disease, chest disease, (18) and other diseases in chronic hemodialysis patients (19) .
Silicon levels are elevated in the serum and various tissues of chronic hemodialysis and chronic renal failure patients. We (20) confirmed that in patients on hemodialysis, serum Si levels are significantly higher than normal, as previously demonstrated by others (21, 22) . Berlyne et al. (13) reported that silicon transfer from dialysate is an important cause of silicon loading in chronic hemodialysis patients.
Vanadium (V)
Vanadium is an essential trace element in human nutrition (23, 24) . However, it may cause membrane damage leading to the lysis of erythrocytes (25) , and it is a potent inhibitor of Na", K+-ATP-ase in the kidney and other organs (26, 27) . Chronic V overload causes bronchitis (28) , pneumonia (29), gastrointestinal disturbances (24) and renal damage (30) , as well as disturbances of central nervous system function (31) , cardiovascular changes (32), anemia (33) and altered metabolism.
The daily intake of V in humans is estimated to be about 2 mg (34) . This can vary greatly depending on the V content in the air, water, and food of a region (35) . V is absorbed from the intestine and excreted in the urine (29) . In general, the serum V levels of the patients with chronic hemodialysis patients are re-ported to be high (36) . Our findings were similar to previous results (37) . In our study, the serum V level was significantly decreased by hemodialysis, however, serum V levels in chronic hemodialysis patients remained high because of vanadium intake from daily food. Massive V accumulations may contribute to anemia (33) , hypertension (38), bone disease (39) and neuropathy (31) .
Manganese (Mn)
Manganese (Mn) is an essential trace element for the activity of various enzymes (40) , and an essential trace element for human nutrition (41) . Mn is present in many intracellular organelles, especially mitochondria (42) . Abnormal Mn metabolism occurs in several human diseases, such as neurological disability (43), secondary parkinsonism, manganese madness, impotence, speech difficulty (44) . Manganese deficiency causes abnormal otoliths, glucose intolerance, decreased serum cholesterol and bleeding (45) and occurs in uremia (46) .
The levels of serum manganese in chronic hemodialysis patients are lower (47) (average: 0.20 pg/dl) than in normal subjects (48) (average: 0.58 pg/dl). In human serum Mn is associated with a 131-globulin, transmaganin (49) . In the erythrocyte Mn is found as a Mn porphyrin (40) .
In chronic hemodialysis patients, deficiency of Mn may cause renal anemia, abnormal metabolism of glucose, and abnormal nutrition.
Nickel (Ni)
Nickel is an essential trace element for animal nutrition (50) . In general, serum nickel concentrations in chronic hemodialysis patients are low (51, 52) . Pathological alterations of nickel metabolism are recognized in several human diseases. Schnegg and Kirchgessner (53) reported that nickel deficiency can cause anemia.
Sunderman (52) reported that serum nickel levels are low in hepatic cirrhosis and chronic uremia and that high concentrations of serum nickel resulted in an increased incidence of acute myocardial ischemia, cerebral stroke, and severe burns. Nickel contributes 6 to the stabilization of the structure of nucleic acids.
In addition to nucleic acids, it has been found that one of the metalloproteins found in serum is rich in nickel. This protein, a-1 macroglobulin that has been isolated from rabbit serum, has been termed "nicheloplasmin" (54) . Peters (55) has shown that albumin is the principal nickel-binding protein in human, bovine, rabbit, and rat serum.
In humans most of the orally ingested nickel is excreted in the feces. The normal fecal excretion of nickel is about 100 times greater than the normal urinary excretion. In chronic hemodialysis patients, serum nickel concentrations were low (51, 52) . We did not found any significant reduction in serum nickel concentrations by hemodialysis (56) . Nickel deficiency may contribute to anemia or nutritional disturbance in chronic hemodialysis patients.
Zinc (Zn)
Zinc is a trace element essential for human nutrition (57) . It is a co-factor of various sorts of enzymes (57) and also in the biosynthesis of DNA and RNA (58) . Zn plays a role in hemoglobin biosynthesis (59, 60) .
Clinical characteristics of chronic zinc deficiency are testicular atrophy, hypogonadism, poor growth, poor wound healing, and poor appetite (61, 62) . In chornic hemodialysis patients, similar clinical symptoms have been observed (63) (64) (65) (66) . Serum zinc levels have been reported as low (45, 67) .
As Gidden et al. (68) point out, the direction and rate of trace metal mass transfer depend directly on the concentration of unbound or freely diffusible ions, because protein-bound zinc does not pass through the dialyzer membrane. We have reported that serum zinc levels increased during hemodialysis (69) . However, Zetin and Store (70) reported that dialysis using a zinc-containing dialysate did not effect an increase in serum zinc concentrations.
CONCLUSION
Trace elemental abnormalities may contribute to various kinds of complications of patients with chronic hemodialysis. Three mechanisms can be hypothesized. First, the uremic patients on dialysis can accumulate elemental impurities from dialysate to blood. Second, some trace elements can be excessively removed from blood to dialysate. Third, disturbed renal function can cause either reduced or excessive excretion of the trace element, resultng in the accumulation or depletion of that element in the body.
However, more studies of the cause and clinical significance of trace element abnormalities in hemodialysis patients are required.
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